Abstract--Based on X-ray powder diffraction measurements of swelling, thermodynamic analysis of adsorption and kinetics, a mechanism of interaction between xylene isomers and two organoclay complexes was derived. The work is intended to resolve the factors which make possible the chromatographic separation of the xylene isomers with organoclays. Significant differences between the behavior of fresh organoclays and xylene vapor-conditioned organoclays were noted. Only small differences were apparent between the montmorillonite and the hectorite organoclays. Force constants, enthalpy changes, entropy changes, free energy changes and two specific rate constants were derived from the information obtained from this study.
INTRODUCTION
Hughes, White and Roberts (1959) are credited with chromatographically separating the three xylene isomers with an organo-clay material, Bentone 34. The present study adds to the efforts of others, such as Barrer and Kelsey (1960) , White (1964) and Taramasso and Timidei (1970) , to understand the mechanism of this separation.
This study is limited to two organoclays in which the identical organic group, dimethyldioctadecylammonium, is attached to montmorillonite and to hectorite. These two materials, Bentone 34 and Bentone 38, respectively, were used as supplied by the Baroid Division of N.L. Industries, Inc. Adsorption characteristics were examined in terms of basal expansion, thermodynamics, and kinetics.
MATERIALS AND METHODS
Early in this work, it was discovered that the organoclays exhibited characteristics that are influenced by their history. Fresh samples and xylene vapor conditioned samples, for instance, showed appreciable differences that are described in later sections of this report. Samples for the X-ray powder diffraction analysis were prepared by troweling a toluene slurry onto a glass slide, then removing the toluene in a vacuum oven at 40~ overnight.
Measurements of the expansion or swelling of the organoclays were made with a General Electric XRD-5F diffractometer concurrently with gravimetric adsorption measurements. Adsorption and desorption behavior, as noted in Fig. 1 tone 34. This increase in c-spacing as the result of undergoing adsorption and desorption of xylene vapor is attributed to the re-orientation of the organic groups in the organoclay. Once this re-orientation is achieved, usually after only one or two adsorptiondesorption cycles, it appeared to remain unchanged in successive adsorption~tesorption runs. Complete removal of adsorbed xylene after an adsorption-desorption run was substantiated by concurrent gravimetric measurements.
Once the organoclays were conditioned with xylene vapor, the expension occurred more gradually than with the fresh, untreated samples. Both Bentone 34 and Bentone 38 expanded from about 28 to 45A in adsorbing 0-80 relative vapor pressure of xylene, with Bentone 34 absorbing slightly more xylene vapor at this vapor pressure.
By means of Cornet's thermodynamic model of swelling (1950) , force constants were derived for the expansion of the organoclays. The free energy of xylene adsorption, AG, is related to the relative vapor pressure of xylene, P/Po, which in turn is related to the interplanar force (f) acting against the work of separation and the actual distance of separation, dx:
values of AG derived in this way are shown in Fig.  2 . It is noted from this figure that the force constants define two distinctly different steps in both the expansion (adsorption) and compaction (desorption) processes. That is, a transition occurs where fl gives way to f2 on adsorption and f3 changes to f4 on desorption. There are Significant changes in the magnitude of these force constant changes although they occur at almost identical c-spacings and in a small range of the amount of adsorbed xylene. Fig. 3 . Again, appreciable differences between flesh samples and xylene vapor-conditioned samples were found.
Upon comparing the AHi, AS, and AG for the adsorption of xylene on Bentone 34 and Bentone 38 it is reasonably valid to extrapolate these nearly linear differences to zero adsorption (Fig. 4) . Bentone 38, for instance, showed a AHi of about 2.3kcal/mole more exothermic than did Bentone 34 at zero coverage. The entropy change for Bentone 38 was about (Fig. 4) showed that less work is required to penetrate and be adsorbed by Bentone 38. Further comparison of thermodynamic values for fresh vs vapor-conditioned samples were made. These thermodynamic measurements showed that the intensity of the xylen~organoclay interaction was in the order ortho > meta > para. The dipole moments of the three xylene isomers are in the same order and it is believed that the intensity of xylene interaction with the hydrocarbon chains in the organoclay is essentially influenced by the ability of the xylene to penetrate the micelle and to solvate the hydrocarbon chains. Entropy measurements indicate that steric factors may also play a role in distinguishing or separating the xylene isomers by adsorption.
Kinetic measurements were conducted gravimetrically by exposing samples to a fixed vapor pressure of xylene vapor and observing the rate of adsorption. Two observed rate constants for the xylene adsorption were found by applying the rate law dS/dt =-kS, where S is the amount of xylene remaining to be adsorbed at a given pressure P. That is, two adsorption components, kl and kz, are shown in Fig. 5 .
Further analysis was made of these two rate constants in terms of the relative vapor pressure (P/Po) and the extent of adsorption at the transitions between kl and k 2. S is defined as Ae, the amount of xylene adsorbed at equilibrium, minus A,, the amount of xylene adsorbed at time t. When values of kl and k2 were plotted as a function of (1 -P/Po), transitions between these two rate constants occurred at identical relative pressures (P/Po = 0-32) as noted in Fig. 6 . Furthermore, this transition occurs at the same point in the expansion of the organoclay micelle, at 31A c-spacing0 where the force constant fl changes to f2. The amount of xylene adsorbed at the kl----~k2 transition varies even though the c-spacing is always 3IA. By plotting the amount of xylene adsorbed at the kl ~ k2 transition vs P/Po, a linear relationship that permits extrapolation to P/Po = 1 is possible. 130mg/g of adsorption should occur. At a c-spacing of 31A, where the size of the exchangeable cation and the number of cations/unit cell are accounted for (Barrer et at., 1960) , the free volume capable of accommodating xylene vapor would be 365A 3 per unit cell. If liquid xylene completely occupied this free volume, then there would be 134mg/g of xylene adsorbed. Rather than a trivial coincidence that these two amounts are nearly identical (130 and 134 mg/g), it is probable that at the 31A c-spacing the organic groups in the clay complex have become ordered or activated to the extent that a second mechanism begins at this transition point.
RESULTS AND DISCUSSION
In chromatographic separation of the xylene isomers by organoclays, the order of retention is meta > ortho > para (Taramasso et al., 1970) . In the thermodynamic analysis, the free energy of adsorption and intercalation gives the same order, and the same order is shown in the kinetic study. The relative extent of interaction between xylene vapor and organoclay is in the order ortho > meta > para. However, because chromatographic separations involve the overall adsorption-desorption cycle, it is apparent that the free energy and the kinetic factors take precedence over other factors.
The differences between Bentone 34 and Bentone 38 are largely attributed to the number of platelets per average aggregate. Barren and Millington (1967) have found an average of 9 platelets/particle for hectorite and 26 platelets/particle for montmorillonite. The method of preparation is also a factor in these differences as are the Nctor of conditioning to the adsorba~.
